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ABSTRACT 


In this research work, Multi-Walled Carbon Nanotubes (MWNTs) were synthesised from the methyl ester of 
Jatropha Curcas Oil on Fe, Co, and Mo catalyst supported Alumina using the Spray Pyrolysis process at temperatures of 
650 °C under N2 atmosphere. MWNTs/C composite foam was prepared using resorcinol and formaldehyde as a binder with 
polyurethane as sacrificial scaffold by evaporation induced self-assembly (EISA) method, MWNTs/C composite pellets were 
prepared using coal tar pitch based Meso Carbon Micro Beads (MCMB) as a binder by Extrusion— Spheronization process 
followed by Carbonization and MWNTs/C composite monolith were prepared using microcrystalline cellulose (MCC) as a 
binder by Extrusion- Spheronization process followed by Carbonization were successfully reported. The micro and 
mesoporous composition of the MWNTs/Carbon composite foam had a high surface area of 551.21 m2/g, which was verified 
by N2 adsorption-desorption measurements. Micro and mesoporous structures with a high surface area and low density were 
achieved in MWNTs/Carbon Composite pellets. Pore structure was evident in the MWNTs/Carbon Composite monolith. 


Keywords: Jatropha Curcas Oil; Multi-Walled Carbon Nanotube; MWNTs/Carbon composite foam; pellet; composite 


monolith. 


1. INTRODUCTION 


Carbon materials have received enormous 
attention because of adjustable thermal and electrical 
conductivity, low thermal expansion coefficient and 
large surface area. Carbon materials are discovered in 
various forms like a diamond, carbon fibers, graphite and 
carbon nanotube, and graphene, and so on (Lee et al. 
2006; Zhu et al. 2011). Three-dimensional (3D) 
macroporous carbon foams with an integrated nano 
porous network have excellent properties such as high 
porosity, low density, low pressure drop, strong 
thermal/electrical transport properties, and high thermal 
stability (Chen et al. 2013). The above peculiar and 
extraordinary physical properties make them useful as 
adsorbents for separation processes and gas storage, 
electrode materials for batteries and supercapacitors, 
insulators, inclusion material for thermal managements, 
and supports for a variety of critical catalytic processes 
(Straatman et al. 2007; Zhai et al. 2011; Song et al. 
2012). 


Graphitic carbon foams are usually made by 
foaming coal, coal tar pitch, and petroleum pitch, then 
calcining and graphitizing at high temperatures. In 


comparison to non-graphitic carbon foams, these 
materials have high electrical and thermal conductivity, 
a well-aligned crystalline structure, and excellent thermal 
stability (Wang et al. 2008; Wang et al. 2009). 


In this present study, MWNTs were synthesized 
from methyl ester of Jatropha Curcas oil. 
MWNTs/Carbon Composite foam were prepared using 
resorcinol and formaldehyde as a _ binder with 
polyurethane as a sacrificial scaffold by evaporation 
induced self-assembly (EISA) method, MWNTs/Carbon 
Composite pellets were prepared by coal tar pitch based 
Meso Carbon Micro Beads (MCMB) as a binder by 
Extrusion — Spheronization process followed by 
Carbonization and MWNTs/Carbon Composite monolith 
was prepared with microcrystalline cellulose (MCC) as a 
binder by Extrusion- Spheronization process followed by 
Carbonization .SEM and HR-TEM were used to describe 
the morphological composition of as-grown Multi- 
walled carbon nanotube-based carbon 
foam/pellet/composite monolith. Raman _ spectral 
experiments and the Brunaur-Emmett-Teller approach 
were used to investigate the graphitization and pore size 
distributions of carbon  foams/pellets/Composite 
monolith (BET). 
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2. MATERIALS & METHODS 


2.1 Preparation of MWNTs 


In the quartz boat, the Fe-Co-Mo catalysts assisted 
on Alumina (0.5g) were incorporated into the middle of 
a quartz tube mounted in the electrical heating furnace. 
To expel air and create a nitrogen atmosphere, the 
reaction furnace was passed through with the carrier gas 
nitrogen (100 mL min"). The temperature was raised 
from room temperature to 650 °C, which is the ideal 
temperature for MWNT development. The carbon 
precursor methyl ester of Jatropha curcas oil was then 
sprayed into the quartz tube at a rate of 20 mL per hour 
using a spray nozzle. At the chosen temperature, the 
deposition time was 60 minutes. The supply of nitrogen 
was sustained until the furnace reached room 
temperature. After that, the sample was weighed and 
placed in an airtight container for further analysis. 


2.2 Preparation of MWNTs/Carbon Composite 
Foam 


The following procedure was used to make 
MWNTs/Carbon Composite foam with uniform 
mesopore walls using the evaporation induced self- 
assembly (EISA) system and polyurethane foam (PU) as 
the sacrificial scaffold. The mixture was mixed for 15 
minutes after resorcinol (1.65 g) and pluronic F127 (2.5 
g) were dissolved in a 20 ml/20 ml _ water/ethanol 
solution. The above mixture was then added to and mixed 
for 1 hour with 0.2 g of 37 wt. percent hydrochloric acid. 
Under stirring, 2.5 g of 37 wt. percent formaldehyde 
solution was applied drop by drop. A homogeneous 
solution was obtained after actively stirring the reaction 
mixture for another 1 hour. After that, the solution was 
put in a Teflon-lined autoclave or a polypropylene (PP) 
bottle. In order to impregnate polyurethane foam (1.5 g) 
with the polymeric solution inside the enclosed 
autoclave, the foam was treated with ethanol and added 
into the polymeric solution. After that, hydrothermal 
therapy was performed in an autoclave (PP container or 
stainless steel autoclave) that was kept in a hot air oven 
for two days at 50 °C. Easy filtration was used to extract 
the resin-coated polymeric foam, which was then dried in 
an oven at 50°C for 12 hours and then 80°C for 12 hours. 
The polymeric foam's colour was changed to a dark 
reddish-brown. Finally, the impregnated polymeric foam 
was carbonised in a tubular furnace at 800 °C for | hour 
at a heating rate of 1 °C/min under N2 flow. The above- 
mentioned carbonised macro-mesoporous carbon foam 
was impregnated with a solution of iron nitrate in ethanol 
(3 mmol metal/gC), and the impregnated carbon foam 
was graphitized in a tubular furnace at 1000 °C for 1 h at 
a heating rate of 1 °C /min under N2 flow. Finally, 
MWNTs based graphitized mesoporous carbon foam was 


washed with HCl (5—10%) solution in order to remove 
the metal particles by Karthik et al. (2015). 


2.3 Preparation of MWNTs/C Composite Pellets 


To achieve a fine powder, the carbonised MCMB 
was ball milled for 3 hours with as grown MWNTs 
extracted from methyl ester of Jatropha curcas oil. This 
material was mixed in acetone for 2 hours with an 
ultrasonicator, then homogenised for 10 minutes to 
achieve a uniform dispersion. In a mortar, place a solid 
sample of the MCMB-MWNTs composite and grind it 
thoroughly with a mortar and pestle. Place the sample on 
the piston and apply pressures ranging from 5000 to 
10000 psi. Fill the pellet die with enough stable samples 
to reach the rim. Remove the pressed sample from the die 
with care. If done correctly, the pressed disc should be 
almost clear. Finally, the MWNTs/C composite pellets 
were dried at room temperature for an overnight. 


2.4 Preparation of MWNTs/Carbon Composite 
Monolith 


Extrusion—spheronization was used to make the 
MWNTs/Carbon Composite monolith. To begin, freshly 
grown MWNITs derived from the methyl ester of 
Jatropha curcas oil were mixed with MCC in a high- 
speed grinder, and the solid mixture was moistened with 
deionized water. At a rotating speed of 50 rpm, the wet 
mixture was inserted into the extruder to provide noodle- 
like extrudates. The extrudates were fed into a 
spheronizer, where they were sliced into small columnar 
fragments at a faster rotational speed. Following that, the 
rotation speed was held at a medium setting until 
spherical pellets with smooth surfaces in the diameter 
range of 0.8—1.2 mm were obtained. By adjusting the 
screen of the extrusion—spheronization system, the 
particle sizes of the Composite monolith spheres could be 
conveniently adjusted; particles with diameters ranging 
from 0.5 mm to 2 mm could be collected. Until 
lyophilization, a freeze-casting post-treatment was 
conducted on the  as-prepared water-containing 
MWNTs/Carbon Composite monolith to further change 
the pore structures of the final composite spheres. After 
that, the freeze-dried MWNTs/Carbon Composite 
monolith was carbonised for | hour in a tube furnace with 
an Ar flow at 800 °C. Bai et al. (2018) obtained the 
MWNTs/Carbon Composite monolith after 
carbonization (fig. 1). 


2.5 Characterization 


Surface morphological structure of as-grown 
Multi-walled carbon nanotube-based carbon foam / 
Pellet/Composite monolith characterized by SEM and 
HR-TEM. Graphitization of carbon foams/pellet / 
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Composite monoliths analyzed by Raman _ spectral 
studies. Pore size distributions of — carbon 
foams/pellet/Composite monolith were studied by the 
Brunaur-Emmett-Teller method (BET). 
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Fig. 1: Schematic diagram of MWNTs/Carbon composite 
monolith 


3. RESULT & DISCUSSION 


3.1 Optimization of Temperature for Maximum 
Yield of MWNTs and its Characterisation 


The effect of temperature on the yield of MWNTs 
from vapour phase decomposition of methyl ester of 
Jatropha curcas oil over Fe-Co-Mo catalysts assisted on 
Alumina at a feed rate of 20 mL per hour is investigated. 
At 550 °C, a low yield of carbon deposit was provided in 
this analysis. The yield of carbon deposit was noticeably 
high at 650 °C, but when the temperature was increased 
to 750 °C, the yield decreased. Zhn et al. (2007) found a 
related pattern in their analysis of CNT synthesis by 
catalytic decomposition of methane published a high 
yield of MWNTs at 900 °C. 


The SEM picture in Fig. 2 shows the 
development of untangle MWNTs with a diameter in the 
region of 20-40 nm. The HR-TEM picture in Fig. 2 
clearly shows the well crystalline graphitic layers of 
MWNTs grown at 650 °C. The inner and outer diameters 
of the MWNTs produced are 4 and 14-25 nm, 
respectively. The number of graphitic layers contained in 
MWNTs is approximately eighteen. The interlayer space of 
the synthesized MWNTSs 1s 0.34 nm, which compares to the 
interlayer space of graphene sheets in a graphite structure. 
Hsieh et al. (2009), found a similar in their study of the 
development of CNTs from acetylene over Ni/alumina 
catalyst in a fluidized bed reactor. 


For the MWNTs grown at 650 °C shown in Fig. 
3, D and G peaks were observed at about 1343 cm’! and 
1582 cm! in Raman spectral studies. The estimated 
IG/AID value for the peaks is 1.2. This suggests that the 








MWNTs were grown at 650 °C and were well 
graphitized. 
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Fig. 2: SEM and HR-TEM image of MWNTs grown at 650 °C 
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Fig. 3: Raman Spectra of MWNTs grown at 650 °C 


3.2. Morphology Composite Foam _ of 


MWNTs/Carbon 


In the SEM and HR-TEM photos seen in Fig. 5, 
the macro porous interconnected 3D network architecture 
and mesoporous walls of the MWNTs/C composite foam 
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are Clearly visible. It's worth noting that the volume of 
binder and graphitization temperature play a big role in 
the creation of graphitic layers on the pore walls of 
carbon foam. In the literature, similar findings on the 
catalytic graphitization of porous carbons have been 
published (Du et al. 2011). 


4— Adsorption 
—~¢— Desorption 


5) 
oO 
= 
z) 
a 
® 
r= 
° 
a 
ae) 
< 
w 
5 
=] 
= 
° 
> 


0.4 0.6 0.8 
Relative Pressure, (P/P,) 





Fig. 4: N2 _ Adsorption-desorption Isotherm of 


MWNTs/Carbon Composite Foam 
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Fig. 5: SEM and HR-TEM image of MWNTs/Carbon 
Composite Foam 


The nitrogen adsorption isotherm data of 
MWNTs/C Composite foam prepared by EISA method 
and its corresponding isotherms at liquid nitrogen 
temperature (77K) revealed that the majority of the 
adsorption isotherms of carbon foam samples prepared 
by various processes are Type | according to the IUPAC 


classification. The plateaus of the isotherms are not high, 
which reflects a small volume of micropores. Pore filling 
by condensation is responsible for the portion of the 
isotherm that runs parallel to the pressure axis. 
Furthermore, visible hysteresis loops for the MWNTs/C 
Composite foam confirm the presence of mesopores with 
pore widths ranging from 2 to 50 nanometers. 


Figure 4. represents the BET surface area 
plots for MWNTs/C Composite foam, which revealed 
that, it has a greater BET surface area, micropore volume, 
and mesopore volume. Because there are more contact 
points between the adsorbent and the adsorbate, 
compounds are preferentially adsorbed into pores that are 
similar in size to the adsorbate, according to (Pelekani et 
al. 1999). Under nitrogen atmosphere, the MWNTs/C 
Composite foam had the highest surface area of 551.21 
m?/g. 


3.3 Morphology of MWNTs/Carbon Composite 
Pellets 


Fig. 6 shows SEM and HR-TEM images of 
MWNTs/Carbon composite pellets. SEM revealed the 
mesoporous carbon architecture of the MWNTs/C 
Composite pellets. HR-TEM and Nb» adsorption- 
desorption measurements both confirm that the pellets 
have a uniform mesoporous structure. 
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Fig. 6: SEM and HR-TEM 
Composite Pellets 
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The Raman spectra clearly show three bands at 
1351, 1597, and 2660 cm" for the D, G, and G' peaks, 
respectively, as shown in Fig 7. The formation of 
graphite structure can be seen in the G band. The 
calculated IG/ID value for the peaks is 0.9. When 
compared to MWNTs/C composite foam prepared using 
the EISA method, this indicates that it does not contain 
well graphitization of MWNTs/C composite pellets. 
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Fig. 7: Raman Spectra of MWNTs/Carbon Composite Pellets 


The hysteresis of the isotherm of MWNTs/C 
composite pellets by coal tar pitch with meso carbon 
microbeads (MCMB) as a binder is very low relative 
pressure. Such hysteresis, according to Gregg et al. 
1982), is associated with very narrow micropores. The 
BET surface area plots for MWNTs/C composite pellets 
revealed that the BET surface area and micropore volume 
of MWNTs/C composite pellets were higher than 
MWNITs/C composite foam by EISA but lower than 
MWNITs/C composite using MCC. 


3.4 Morphology of MWNTs/Carbon Composite 
monolith 


In the SEM and HR-TEM images shown in 
Fig.8, the macroporous carbon architecture of MWNTs/C 
Composite monolith was clearly visible. 


Fig. 9 shows the Raman spectrum obtained for 
the MWNTs/C composite. Three bands appeared at 1361, 
1600, and 2660 cm! of D, G, and G' peaks, respectively, 
as seen in the Raman spectra. The formation of graphite 
structure is indicated by the G band. The calculated Ic/Ip 
value for the peaks is 0.9. 








SEM HV: 10.0 kV MIRAS TESCAN 
SEM MAG: 1.44 kx 


View field: 96.2 ym_ | Date(mid/y): 02/22/21 | CeNS Bengaluru 


Fig. 8: SEM and HR-TEM image MWNTs/Carbon 
Composite monolith using Microcrystalline Cellulose 
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Fig. 9: Raman Spectrum of MWNTs/Carbon Composite 
using Microcrystalline Cellulose 
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The nitrogen adsorption-desorption isotherm of 
MWNTs/Carbon Composite monolith made with 
microcrystalline cellulose (MCC) as a binder and 
carbonised using an extrusion-spheronization process 
reveals significant nitrogen uptake at low relative 
pressure (Fig. 10). The strong interaction between 
nitrogen molecules and the walls of the mesopores is 
responsible for this. As a result, the pore volume of the 
MWNTs/C Composite is negligible. The BET surface 
area plots for MWNTs/Carbon Composite revealed that 
MWNTs/C composite may have a higher BET surface 
area, as well as a higher micropore volume, than 
MWNITs/C composite foam and MWNTs/C Composite 
pellets. 
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Fig. 10: Nitrogen Adsorption-Desorption Isotherm for 
MWNTs/Carbon Composite 


4. CONCLUSION 


The effect of temperature on the yield and 
morphology of MWNTs synthesised from natural oil has 
revealed that 650 °C appears to be the most favourable 
temperature for producing high yields of well-graphitized 
MWNTs. Under the experimental conditions for the 
precursors, Fe-Co-Mo catalysts supported on Alumina 
are found to be a more active catalyst for producing well- 
graphitized MWNTs with high yield. The current study 
discovered that botanical-plant-based oil could be an 
effective carbon precursor for the spray pyrolysis method 
of MWNT synthesis. 


The prepared as-grown MWNTs/Carbon 
Composite foam (MWNTs/C composite foam) with 
uniform mesopore walls have been fabricated using 
resorcinol and formaldehyde as a carbon binder by EISA 
method. The well-defined graphitic framework was 
confirmed by SEM, HR-TEM and Raman studies. The 
prepared as-grown MWNTs/C composite foam shows 
both micro and mesoporous structure providing a high 
surface area 551.21 m?/g, which is confirmed by N2 
adsorption-desorption measurement and mesopore width 
range from 2-50 nm. 





MWNTs/Carbon Composite pellets using coal tar 
pitch-based Meso Carbon Micro Beads (MCMB) as a 
binder by Extrusion— Spheronization process followed 
by Carbonization shows both micro and mesoporous 
structure providing a high surface area with low density 
has been achieved. A Novel approach is used to prepare 
free-standing, lightweight MCMB-MWNTs Composite 
pellets, which show promising structured properties with 
a high surface area of 391.26 m?/g, which is confirmed 
by N2 adsorption-desorption measurement. 


Extrusion—  Spheronization followed by 
Carbonization produced MWNTs/Carbon Composite 
monolith with a significant pore structure using 
microcrystalline cellulose (MCC) as a binder. The 
MWNTs/Carbon Composite monolith have significant 
adsorption capacities, according to the pore size 
distribution analysis. 


The above results indicate that a simple strategy 
based on freestanding, light weight, thin Multi-walled 
carbon nanotubes-based carbon foam/pellets / composite 
monolith with high surface area can be used for stealth 
technology, civil, military, and next-generation flexible 
electronic devices. 
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